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(54) Passivation of organic devices 

(57) A method of passivating organic devices (12) 
positioned on a supporting transparent plastic siisstrate 
(11) including the steps of overcoating the plastic sub- 
strate with a multi-layer overcoating (16), composed of 
alternating layers of a transparent polymer film (17) and 
a transparent dielectric material (18). forming an 
organic device (12) on the overcoated transparent plas- 
tic substrate (11) and sealing the organic device (12) 
formed on the overcoated plastic substrate (11). The 
polymer film layer (17) used in overcoating the plastic 
substrate acts as a means of Improving the tsarrier prop- 
erties of the multi-layer overcoating (16) and the dielec- 
tric material (1 8) acts as a physical barrier to 
atmospheric elements which can corode the organic 
device (12) and are a detriment to the reliak)ility of 
organic LEDs. 
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Description 

Field of the Invention 

The present Invention pertains to organic devices 
and more specifically to the formation of passivated 
organic devices on plastic substrates. 

Background of the Invention 

At the present time devices utilizing organic dis- 
plays, such as polymer light emitting devices, are poten- 
tial candidates for a great variety of virtual and direct 
view type displays, such as digital watches, teleptiones. 
lap-top computers, pagers, cellular telephones, calcula- 
tors and the like. Unlike, inorganic semiconductor light 
emitting devices, organic light emitting device are gen- 
erally sinple and relatively easy and inexpensive to fab- 
ricate. Also, a variety of colors and large-area devices 
are easily attained. 

Conventional organic LEDs are built on glass sub- 
strates because of the low permeability of glass to oxy- 
gen and water vapors, which lead to corrosion, other 
forms of degradation, and are a detriment to the reliabil- 
ity of organic LEDs. It is proposed in tiie present inven- 
tion to utilize plastic as a supporting substrate for the 
formation of organic LEDs. Traditionally plastic is sus- 
ceptible to the permeation of oxygen and moisture to 
some extent. In the instance where the organic LED is 
formed on a plastic sutsstrate, there presents the need 
to reduce and eliminate the diffusion of oxygen and 
moisture through tiie plastic substrate which, as previ- 
ously stated, leads to degradation of the organic LED. 
Furthermore, additional organic components of the LED 
may also be subject to adverse reactions with oxygen or 
water 

In general, a two-dimensional organic LED array for 
image manifestation apparatus applications as known in 
the art is composed of a plurality of organic LEDs (one 
or more of which form a pixel) arranged in rows and col- 
umns. Each individual organic LED in the array is gen- 
erally constructed with a light transmissive first 
electrode, an organic electroluminescent medium 
deposited on the first electrode, and a metallic electrode 
on top of the organic electroluminescent medium. In 
forming an organic LED. generally a layer of reactive 
metal is utilized as a cathode to ensure efficient electron 
injecting electrodes and low operating voltages. How- 
ever, in the formation of organic LEDs on a plastic sub- 
strate, not only is the substrate susceptible to the 
permeation of oxygen arxJ moisture, but the reactive 
metals are also susceptible to oxygen and moisture, 
especially during operation, since oxidation of the metal 
limits the lifetime of tiie devices. A hermetic seal akx^ut 
the array itseK is normally required to achieve long term 
stability and longevity. In hermetically sealing the an^ay. 
several types of hermetic seats are utilized, the most 
common of which are inorganic materials, such as met- 
als and the like. Accordingly, when forming the organic 



LED on a plastic sut>strate. tiie permeation of oxygen 
and water vapors to the organic LED must be stopped 
by hermetically sealing the plastic substrat from the 
organic LED and by hermetically sealing tiie array itself. 

5 A further problem that occurs in the fabrication and 
passivation of organic devices is a result of the fact that 
tiie organic layers of the organic devices can not with- 
stand very high temperatures (i.e. generally greater 
than approximately 100** C). In many instances, even 

1 0 approaching the critical temperatures of the organic lay- 
ers, especially if ttie elevated temperatures are main- 
tained for relatively long periods of time, can degrade 
the organic materials and reduce the reliability and/or 
tiie longevity. 

15 In tiie formation of organic LEDs. several types of 
hermetic seals for sealing tiie array itself are utilized to 
protect the organic device from oxygen and water 
vapors. As previously stated, tiie most common of tiie 
hermetic seals utilized today are comprised of inorganic 

20 materials, such as metal cans or metallized plastic seal- 
ers. These types of seals are very expensive to fabri- 
cate and require extensive labor to assen^le. In 
addition, metal cans are large and heavy so that they 
severely limit the applications of organic devices. 

25 A more recent means of hermetically sealing 
organic devices is to overcoat them wKh an inorganic 
material, such as a ceramic, dieleti-ic or metal, to 
achieve a hermetic seal about tiie organic device. How- 
ever, the organic devices are very susceptible to the 

30 high temperatures normally required in the deposition of 
tiiese materials. Thus, the ceramic, dielectric or metal 
material generally must be deposited by PECVD meth- 
ods in order to meet the low temperature criteria. The 
major problem with this method of sealing is that during 

35 tiie PECVD deposition there is a strong possibility of 
radiation damage to the organic device. 

Accordingly, it is highly desirable to devise a rela- 
tively inexpensive and convenient method of formir^ 
organic devices on a plastic substrate in which there 

40 exist a first hermetic seal between tiie plastic substrate 
and the ambient atmosphere to protect the plastic sub- 
strate from tiie permeation of oxygen, moisture arxl 
ottier atmospheric elements, thereby damaging the 
organic LED, and a second hermetic seal about the 

45 array of organic devices to protect it from damage by 
similar atmospheric elements. 

It is a (xirpose of tiie present invention to provide a 
new and improved method for overcoating plastic sub- 
strates to prevent the permeation therethrough of oxy- 

50 gen arxi moisture. 

It is another purpose of tiie present invention to pro- 
vide a new and improved method of forming a passivat- 
ing organic device on a plastic substrate. 

It is a still further purpose of the present invention to 

55 provide a new and improved method of forming a passi- 
vating organic device on a plastic substrate which is rel- 
atively convenient and inexpensive to perform. 
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Summary of the Invention 

The abov problems and others are at least par- 
tially solved and the above purposes and others are 
realized in a method of forming organic devices posi- 
tioned on a supporting transparent plastic substrate 
including the step of depositing a multi-layer overcoat- 
ing on the plastic substrate. The multi-layer overcoating 
is composed of thin alternating layers of a robust trans- 
parent polymer film and a transparent Inorganic material 
such as silicon monoxide, silicon oxide, silicon dioxide 
or silicon nitride, which are deposited on at least one 
planar surface of the plastic suk^strate. The mutti-layer 
overcoating is deposited on at least one planar surface 
of the piastic substrate and the organic LED Is formed 
thereon. Alternatively, the multi-layer overcoating is 
deposited on all planar surfaces of the plastic substrate 
thereby encapsulating the plastic substrate in the alter- 
nating layers of the transparent inorganic material and 
the polymer film prior to forming the organic LED ther- 
eon. This multi-layer overcoating serves to reduce and 
eliminate the diffusion of oxygen and moisture through 
the plastic substrate, thereby damaging the organic 
LED formed thereon. 

In a preferred embodiment the polymer film layer 
and the trx>rganic dielectric material layer each rely on a 
different mechanism for protection against permeation 
of oxygen and moisture through the plastic substrate. 
The polymer film layer is used as a means of improving 
the barrier properties of the multi-layer overcoating and 
aids in stowing, the diffusion of nrtoisture and oxygen 
through the plastic substrate. It Is pref^-ably formed 
from a transparent polymer chosen from a group of 
fluorinated polymers, parylenes, and cyclotenes. The 
transparent dielectric layer is used as a physical barrier 
to stop the diffusion of moisture and oxygen through the 
plastic substrate, ft is preferably formed from a transpar- 
ent dielectric layer of silicon monoxide, silicon oxide, sil- 
icon dioxide or silicon nitride. In combination, the 
polymer film layer and the transparent dielectric layer 
serve to provide a barrier to oxygen and moisture, 
thereby protecting against damage to the organic LEDs. 
The transparerrt polymer film layer and the transparent 
dielectric layer in combination form the multi-layer her- 
metic sealing layer for the plastic substrate of the 
present invention. To protect the plastic sii>strate from 
the penetration of moisture and oxygen, the preferred 
emkxxjiment is conposed of at least two layers of the 
multi-layer overcoating, comprised of alternating layers 
of the polymer film \ay&r and the transparent dielectric 
layer. It should be urxJerstood that it is disclosed to use 
fewer than two layers of the multi-layer overcoating, or 
any combination of the layers comprising the multi-layer 
overcoating but with less favorable results. 

Brief Description of the Drawings 

Referring to the drawings: 



FIGS. 1 and 2 are simplified cross-sectional views 
of an organic LED array formed on an overcoated 
transparent plastic sut>strate In accordance with the 
present Invention; 

5 

FIG. 3 is a greatly enlarged and simplified cross- 
sectional view of an overcoated transparent plastic 
substrate, further illustrating the alternating multi- 
layer overcoating of the plastic substrate on an 
10 uppermost planar surface in accordance with the 
present invention; 

FIGS. 4 and 5 are simplified cross-sectional views 
of an organic LED array on an overcoated transpar- 
15 ent plastic substrate in accordance with the present 
invention, illustrating hermetic sealing of the 
organic device with a plurality of layers deposited 
on the organic device; 

20 FIGS. 6 and 7 are simplified cross-sectional views 
of an organic LED array formed on an overcoated 
transparent plastic substrate in accordance with tiie 
present invention, further Illustrating hermetic seal- 
ing of the organic device witii a metal can; 

25 

FIGS. 8 and 9 are simplified cross-sectional views 
of an organic LED array formed on an overcoated 
transparent plastic substrate In accordance with the 
present invention, illustrating hermetic^sealing of 
30 the organic device with a glob top epoxy encapsu- - 
lant; and 

FIGS. 10 arxJ 11 are simplified cross-sectional 
views of an organic LED array formed on an over- 
35 coated transparent plastic substi^ate in accordance 
witii the present Invention, further illustrating her- 
metic sealing of the organic device with a polymer 
laminated metal foil layer. 

40 Description o f the Preferred Embodiments 

It should be understood that the drawings are nec- 
essarily of a schematic nature, since the thicknesses of 
the individual layers are too thin to permit depiction to 

45 scale or to permit convenient proportionate scaling. 
Referring specifically to the drawings, wherein tike char- 
acters indicate like parts throughout the figures. FIGS. 1 
and 2 are simplified cross-sectional views of an organic 
LED array Illustrating formation of an organic LED 10 on 

50 an overcoated transparent plastic substrate in accord- 
ance with the present invention. 

Referring specifically to FIG. 1. a substrate 11 is 
illustrated which is. in tiiis specific embodiment, formed 
from an optically clear plastic. An array 12 of pixels of 

55 organic light emitting devices (LEDs) Is positioned on 
substrate 11. generally by fabricating array 12 on a 
multi-layer overcoating 16 (to be discussed presentiy) 
deposited on an upper planar surface of substrate 1 1 . in 
any of the various methods of fabricating organic LEDs. 
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As a specific example, array 12 includes a transparent 
layer 13 of conductive material, such as indium-tin- 
oxlde (ITO) or the like, with an active organic layer 14, 
such as an organic electroluminescent layer, positioned 
thereon and a cathode 15 formed of a metal layer 5 
including a thin layer of a low work function metal. 
Organic layer 14 is generally comprised of a hole trans- 
port layer, an emitting layer and an electron transport 
layer. Array 1 2 of organic LEDs, and especially the layer 
of reactive metal, is susceptible to oxygen and moisture w 
in the surrounding atmosphere and must, therefore, be 
passivated to provide reliability and a reasonable lon- 
gevity. 

As previously stated, anay 1 2 is formed on plastic 
substrate 11. In that the permeation of oxygen and is 
water vapor is inherent to plastic, a hermetic multi -layer 
overcoating 16 must be deposited on substrate 11 to 
protect array 12 formed thereon. To reduce and elimi- 
nate the diffusion of oxygen and moisture through plas- 
tic substrate 1 1 , multi-layer overcoating 16 is comprised 20 
of at least two alternating layers of a polymer f iinn 1 7 and 
a transparent dielectric material 1 8 (as illustrated in FIG. 
3), deposited on substrate 1 1 . 

The deposition of the multi-layer overcoating 16 
must be in a positional manner so as to prevent the per- 25 
meation of oxygen or moisture through the plastic sub- 
strate 11. thereby damaging the organic LED. 
Accordingly, multi-layer overcoating 16 may be depos- 
ited on an uppermost or lower planar surface of sub- 
strate 11 or alternatively, on all planar surfaces of 30 
substrate 1 1 . thereby encapsulating sidsstrate 1 1 with 
multi-layer overcoating 16. As illustrated in FIG. 1 . multi- 
layer overcoating 16 is deposited on an uppermost pla- 
nar surface of substrate 1 1 . positioned between sub- 
strate 11 and transparent layer 13 of conductive 35 
material of an^ay 12. Alternative emtxxiiments disclose 
multi-layer overcoating 16 as deposited on a tower pla- 
nar surface of plastic substrate 11. having array 12 
formed directly on the uppernrost surface of substrate 
1 1 (not shown), or as illustrated in FIG. 2. multi-layer 40 
overcoating 16. deposited on a plurality of planar sur- 
faces comprising substrate 11 so as to conrpletely 
encapsulate substrate 11. The addition of multi-layer 
overcoating 16 to the formation of the an-ay 12 of 
organic LED 10 allows for the formation of the organic 45 
LED 1 0 on plastic substrate 11. % 

As previously stated and as illustrated ing^^Mf 
multi-layer overcoating 16 is con^rised of alternating 
layers of transparent polymer film 17 and transparent 
dielectric material layer 18. The preferred embodiment so 
has included at least two layers of polymer film 17 and 
dielectric material layer 18 formed in combination. It is 
understood that alternating layers in reverse to those 
illustrated, are anticipated by this disclosure. In applica- 
tion, polymer film layer 17 is provided to improve the ss 
barrier properties of multi-layer overcoating 16. thereby 
slowing the diffusion of moisture and oxygen permea- 
tion through plastic substrate 11. The polymers which 
may be used in the formation of polymer film layer 17 



are chosen from a group of robust polymers, such as 
fluorinated polymers, parylenes arxJ cyclotenes. Poly- 
mer film layer 17 may be applied through a process of 
dipping substrate 1 1 , a spin-coating process, sputtering 
process or by evaporative coating of substrate 1 1 . Die- 
lectric material layer 18 is used as a physical barrier to 
stop the diffusion of moisture vapor and oxygen through 
substrate 1 1 . thereby damaging organic LED device 10. 
Dielectric material layer 18 is preferably formed from 
one of silicon monoxide (SiO). silicon oxide (SiOx). sili- 
con dioxide (Si02) or silicon nitride (Si3N4) and is 
applied to substrate 1 1 in alternating layers with the pol- 
ymer film layer 17 by thermal evaporation, sputtering or 
PECVD methods. 

A first embodiment of an organic LED device 20 in 
accordance with the present invention, having a her- 
metic seal conrprised of a plurality of layers deposited 
on the organic LED and further formed on a multi-la^B£e 
overcc^ed plastic sut»strate 1 1 are illustrated in ^^^^ 
Array 12 is formed on plastic substrate 1 1 naving 
deposited thereon, multi-layer overcoating 16 com- 
prised of alternating multiple layers of polymer film layer 
17 and dielectric material layer 18, previously 
described. As illustrated in FIG. 4. multi-layer overcoat- 
ing 16 is deposited on the uppermost surface of sub- 
strate 11. As illustrated in FIG. 5. an alternative 
embodiment has multi-layer overcoating 16 deposited 
on all planer surfaces of substrate 1 1 , thereby encapsu- 
lating substrate 1 1 and providing greater protection of 
substrate 11. 

In forming the hermetic seal of array 12 of device 
20. array 12 is overcoated with a hermetic sealing sys- 
tem 22, comprised of a buffer system designed to gen- 
erally match at least some of the characteristics of array 
1 2 to an encapsulating system. In this specific example 
hermetic sealing system 22, comprised of a plurality of 
layers, includes a first buffer layer 24 of organic material 
which generally serves to protect array 12. Buffer laye r 
24 may be either an organic polymer or an organome - 
tallic conplex. Typical organic polymers which nr^ay be 
conveniently utilized are parylenes. and the like. 

These polymers (i.e. parylenes and the Kke) have 
low coefficients of thermal expansion (CTE), dose to 
the CTE of array 1 2 so that there is little or no stress cre- 
ated during thermal cycling. Also, both of these poly- 
mers have low dielectric constants and low permeability 
to oxygen and moisture. 

In an example incorporating organometallic com- 
plexes as buffer layer 24, rather than organic polymers, 
a layer of tris (8-quinoltnolato) aluminum (Ak:|) or the like 
is deposited over array 12. Since many organic devices 
utilize Alq in the active layers (as an emitter and/or elec- 
tron transport material), this material may be uniquely 
matched to array 12 and it may be convenient to add 
buffer layer 24 to array 12 without requiring additional 
materials and equipment. As will be understood by 
those skilled in the art. other materials utilized in the 
active layers of specific arrays of organic devices may 
be utilized in buffer layer 24. 
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Buffer layer 24 is covered or coated with a jhermal 
coefficient matching layer 26 , which is a second layer in 
the buffer system. Next, thermal coefficient matching 
layer 26 is overcoated by depositing a low permeability 
inorganic layer 28 over thermal coefficient matching $ 
layer 26. Some typical exanrples of thermal coefficient 
matching layer 26 and inorganic layer 28 are listed 
below. Silicon dioxide (SiOa) is utilized as thermal coef- 
ficient matching layer 26 an d silicon nitride (Si'^N^) is ut i- 
lized as Inorganic layer 28 . In a somewhat different w 
embodiment, a low work function metal, such as lithium 
(Li) or magnesium (Mg), is utilized as thermal coefficient 
matching layer 26 and further acts as a gettering mate - 
rial to absorb some trapped gases and the like within 
the inorganic layer. In this example, a stable metal, such 15 
as aluminum (Al) or indium (In) is utilized as Inorganic 
layer 28 in conjunction with a dielectric media (not 
shown) positioned so as to isolate inorganic layer 28, 
composed of stable metal, thereby preventing shorting 
of array 1 2. In this exanple. inorganic layer 28 has a low 20 
permeability so as to completely encapsulate, or her- 
metically seal, array 12. For additional Information on 
hermetically sealing array 12 through the use of a plu- 
rality of layers, see copending U.S. patent application 
entitled "PASSIVATION OF ORGANIC DEVICES". Ser 25 
No. 08/431.996, filed May 1. 1995 and assigned to the 
same assignee. 

A second emlxxJiment of an organic LED device 30 
in accordance with the present invention, having a her- 
metic seal comprised of a metal can 32 encapsulating 30 
the organic LED, and further formed on multi-layer over- 
coated plastic substrate 1 1 is Illustrated in FIGS. 6 and 
7. As illustrated, array 12 Is formed on a plastic sub- 
strate 11 having deposited thereon, multi-layer over- 
coating 1 6 previously described. As Illustrated in FIG. 6, 3S 
multi-layer overcoating 16 is deposited on the upper- 
most surface of substrate 11 . As illustrated in FIG. 7. an 
alternative embodiment has multi-layer overcoating 16 
encapsulating substrate 11. In forming the hermetic 
seal of array 12, array 12 Is enclosed by metail can 32. 40 
as Is welt known in tiie art. thereby protecting organic 
LED device 30 from damaging atmospheric elements. 

Third and fourth embodiments of an organic LED 
device designated 40 and 50 respectively, in accord- 
ance with the present invention, having a hermetic seal 45 
formed from a plurality of layers deposited on the 
organic LED, further formed on overcoated plastic sub- 
strate 11 are illustrated in FIGS. 8-11. This alternative 
method for passivattng organic LEDs is disclosed in a 
copending U.S. Patent application entitled "PASSIVA- so 
TION OF ORGANIC DEVICES^ filed of even date here- 
with and assigned to the same assignee. As illustrated 
in FIGS. 8-11, array 1 2 is formed on substrate 1 1 having 
deposited thereon, multi-layer overcoating 16. As illus- 
trated in FIGS. 8 and 10. multi-layer overcoating 16 is ss 
deposited on the uppermost surface of substrate 1 1 (as 
previously described). As illustrated in FIGS. 9 and 11. 
alternative embodiments have multi-layer overcoating 
16 encapsulating substrate 11 (as previously 



described). In forming the hermetic seal of array 12 of 
FIGS. 8-11. the individual pixels which make up array 12 
are first capped or overcoated with a layer of stable 
metal 54 such as indium (In) or tiie like. This capping or 
overcoating serves as the initial protective coating for 
the individual pixels which make up array 12. 

Next, array 12, capped wrth the layer of stable metal 
54. is overcoated in generally the same layering tech- 
nique as described for previous embodiments of the 
present invention, illustrated as FIGS. 4 and 5. A first 
buffering system 56 is deposited on array 12, followed 
by a thermal coefficient matching layer 58. Next, ther- 
mal coefficient matching layer 58 is overcoated by 
depositing a low permeability inorganic layer 60 over 
tiiermal coefficient matching layer 58. 

Array 12 Is finally sealed with a layer of epoxy 
encapsutant 42 or a layer of polymer laminated metal 
foil 52. Shown In FIGS. 8 and 9, is an embodiment of tiie 
preferred passivated organic device, wherein the 
organic LED an^ay 12 is seated with a glob top epoxy 
encapsulant 42. Organic LED array 12 in an alternative 
embodiment is sealed with a polymer laminated metal 
foil 52 as illustrated In FIGS. 10 and 1 1 . 

While we have shown and described specific 
emtKXiiments of the present Invention, further modifica- 
tions and improvements will occur to those skilled in the 
art. We desire It to be understood, therefore, that this 
invention is not limited to the particular forms shown and 
we intend in tiie appended claims to cover all modifica- 
tions that do not depart from the spirit and scope of tiiis 
invention. 

Clainns 

1 . A method of passivating organic devices character- 
ized by the steps of: 

overcoating a transparent plastic supporting 
substrate (11), comprised of a plurality of pla- 
nar surfaces, with alternating layers of at least 
one transparent polymer film layer (17) and at 
least one transparent dielectric material layer 
(18): 

providing an organic device (12) on the over- 
coated transparent plastic si^orting substrate 
(1 1) defining a plurality of pixels; and 
seating the organic device (12) provided on the 
transparent plastic supporting substrate (11). 

2. A method of passivating organic devices as claimed 
in claim 1 wherein the at least one polymer film 
layer (1 7) is further characterized by at least one of 
f luorinated polymers, parylenes or cyclotenes. 

3. A method of passivating organic devices as claimed 
in daim 1 wherein the at least on transparent die- 
lecti'ic material layer is further characterized by at 
least one of silicon monoxide, silicon oxide, silicon 
dioxide or silicon nitride. 
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4. A method of passivating organic devices as claimed 
in claim 1 wherein the step of seating the organic 
device (12) provided on the plastic substrate (11) is 
further characterized by the steps of overcoating 
the organic device (12) with a buffer system (22) 5 
including a buffer layer of organic material (24) 
positioned on the organic device (12) and deposit- 
ing a low permeability inorganic layer over the 
buffer system (28). 

10 

5. A method of passivating organic devices as claimed 
in claim 4 wherein the step of sealing the organic 
device (12) provided on the plastic substrate (1 1) is 
further characterized by the step of depositing a 
thermal coefficient matching layer (26) on buffer is 
layer (24) as a portion of the buffer system (22). 

6. A method of passivating organic devices as claimed 
in claim 4 wherein the step of sealing the organic 
device (1 2) provided on the plastic substrate (1 1 ) is 20 
further characterized by the step of capping the plu- 
rality of pixels with a layer of stable metal (32). 

7. A passivated organic device characterized by: 

a supporting transparent plastic substrate (11). 
overcoated with alternating layers of at least 
one transparent polymer film layer (17) and at 
least one dielectric material layer (18); 
an organic device (12) formed on the support- 
ing plastic substrate (11) defining a plurality of 
pixels; and 

a sealing layer (22) positioned to seal the 
organic device (12). 

8. A passivated organic device as claimed in claim 7 
wherein the at least one polymer film layer (17) is 
further characterized by at least one of fiuorinated 
polymers, parylenes or cyclotenes. 

9. A passivated organic device as claimed in claim 7 
wherein the at least one transparent dielectric 
material layer (18) is further characterized by at 
least one of silicon monoxide, silicon oxide, silicon 
dioxide or silicon nitride. 

10. A passivated organic device as claimed in claim 7 
wherein the sealing layer (22) is further character- 
ized by alternating layers of at least one polymer 
(24) and at least one metal (26) deposited over the so 
organic device (12). 
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erties of the multi-layer overcoating (16) and the dielec- 
tric material (18) acts as a physical banier to 
atmospheric elements which can corrode the organic 
device (12) and are a deti^iment to the reliability of 
organic LEDs. 
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